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Vugraph Text - Biron/Isaminger Papers 
Vugraph #1 “Outline” 

Under FAA sponsorship, the MIT Lincoln Laboratory has conducted experimental 
wtndshear measurements at a number of locations since 1985: 

1985: Memphis, TN 

1986: Huntsville, AL 

1987-88: Denver, CO 
1989: Kansas City, MO 

1990-91: Orlando, FL 


The principal sensor was the TDWR testbed radar (S-band with 1° beam width through 

9”^° * ? f arnw ^^ 1 since 1991). Supporting sensors have included the 
UND C-band Doppler radars (1986-91) the MIT C-band Doppler radar (1991) and a 

l/minute)^ 306 1116501161 (measurin g average and peak temperatures, humidity and winds 


Tins paper presents some recent results (extending those in the paper by Wolfson, et al. at 
the 1 9th Conference on Decision and Control) germane to airborne windshear system 
design and certification. We will first discuss the data analysis procedure and the 
associated caveats. The relative frequency, severity and duration of microburst hazaids at 
the various locations is important for determining the tradeoffs between safety and 
operational impact of false alerts which are encompassed in detection system thresholds. 

We next consider radar/lidar design issues such as reflective in microbursts and the 
vertical structure of outflows. A companion topic, gust front characteristics, is discussed 
in a paper by Klingle, et al. at the vugraphs end of this talk. Finally, we provide recent 
surface thermodynamic data associated with microbursts. 
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. ANALYSIS PROCEDURE/CAVEATS 
. NUMBER OF EVENTS 
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Vugraph #3 “Assessment Procedure” 


The TDWR testbed radar meteorologists have compiled gross microburst structure 
information on a large number of the microbursts. The meteorologist inspects the TDWR 
surface scan radial velocity field with the TDWR microburst detection algorithm overlaid 
on the image. The meteorologist clicks the mouse on the radial velocity image pixels 
characterizing the maximum and minimum velocity associated with a microburst as well 
as the midpoint. The velocity values, locations and corresponding reflectivity values are 
stored in a computer data base. The shear is estimated by the equation S = AV / AR 
where AV is the velocity difference and AR (i.e.., the “width” ) the distance between 
maxima and minimum velocities. 

Thus, localized high shear regions such as discussed by Campbell and Proctor in this 
conference are not captured by this approach, (i.e., the shears computed generally are a 
lower bound to shear averaged over typical distances such as 1-2 km). 


Since only horizontal velocities are considered, and the degree asymmetry is not known, 
the vertical component is not directly considered. It should also be noted (see Campbell 
paper in this conference) that the altitude at which the surface tilt measured may have 
biased velocities downward. The data base considers microbursts at ranges out to at least 
30 km and, one expects (from geometrical arguments) that the bulk of the data is a 
relatively long range where horizon effects tend to create a beam volume at higher 
altitude. 6 

In some cases, we have high resolution vertical profiles from RHI scanning on 
microbursts at close range. The 1991 data is particularly useful in this respect due to the 
0.5° beam width. 
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Vugraph #4 “Dist. of MB Strength” 

TTie number of microbursts detected in real time (shown in parentheses next to the bar 
code) varies considerably between the various locations. The Huntsville results were 
biased low (by a factor of approximately 2) by lack of real time automatic detection 
algorithm outputs. The Kansas City data reflects a year with far fewer thunderstorms 
than normal. Orlando was clearly the most active location with a total of over 1600 
microbursts observed through October 1991. 

S^uatiSr 6 VUgraphs Sh0W the observed AV AR converted the F factor estimates using 
F = K*AV / AR 

corresponding to a flightat a ground speed of approximately 130 knots. We see that all 
\~ bave at ^ east ^ suc h events with Orlando having over 300 such events in 
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DISTRIBUTION OF MICROBURST STRENGTHS 



sisanaoaoii/\i do aaaiAinN 


WIND CHANGE (m/s) 




DISTRIBUTION OF HORIZONTAL F FACTOR FOR DENVER 1988 

MICROBURSTS 
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HORIZONTAL VELOCITY F FACTOR COMPONENT 


DISTRIBUTION OF HORIZONTAL F FACTOR FOR KANSAS CITY 



sisanaouoiiN do uaai/vnN 


427 


DISTRIBUTION OF HORIZONTAL F FACTOR FOR ORLANDO 1991 
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HORIZONTAL VELOCITY F FACTOR COMPONENT 


Vugraphs 7-8 “Duration of MB...” 

The Denver microbursts are seen to have almost an uniform distribution of duration out 
to 35 minutes duration. By contrast, Orlando appears to have a bimodal distribution with 
modes centered at durations 8 minutes and 20 minutes respectively. 



DURATION OF DENVER MICROBURSTS WITH 

AV > 15 M/S 
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EVENT DURATION (MINS) 




DURATION OF ORLANDO MICROBURSTS WITH 

AV > 15 M/S 
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EVENT DURATION (MINS) 



Vugraph #9 


pie range in outflow reflectivities at the velocity maxima and minima at individual 
locations vary 40-50 dB. Denver is seen to have a median reflectivity of 10 dBZ which is 
some 25 dB lower than Kansas City or Orlando. For a single microburst, the outflow 
reflecu vines can differ by some 35 dB. This typically occurs when a microburst down- 
draft that initially was in the middle of a heavy rain region migrates to the edge of the rain 
region so that one portion of the microburst outflow is in a region of little or no rain. It 
should be noted that detection of the low reflectivity region will be very difficult for 
Doppler radars which have extended range sidelobes (e.g., due to the use of pulse 
compression). Note also that a significant fraction of the Denver microbursts have 
reflectivity less than 0 dBZ (the TDWR testbed has a sensitivity of approximately -5 dBZ 
at a range of 50 km). 3 



Summer Microburst Outflow Reflectivity 
At The Time Of Maximum Shear 
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Vugraph #10 “Summer MB Maximum Reflectivity” 

TTie core reflectivities are seen to be higher (e.g., by 10 - 15 dB for median levelsl than 

jjj® °“j9 ow rcJJ^vities. Note also that the range of core reflectivities is much less than 

th ? reflectivity. Most of the literature to date has focused on core reflectivities 

40 dR7^ov^rS St ^i Cr0bl !!? S in ver y wet , (nearly all core reflectivities > 

40 oBZ), over 10% of the outflows are fairly dry (< 20 dBZ). 

The rain rates shown at the top of the figure were computed from the relationship 
Z = 295 Rl -43 

where R is the rainfall rate in mm/hr and Z is the reflectivity factor in mmfynA Note- 
the ram rates fetched m on the corresponding vugraphs during the verbal presentation 
■ y t!. abe Cd fj in P hes/hr > but were actually mm/hr. At the meeting, the 

W ° w rmse P oncerns about attenuation for laser systems was stated 
lnCh/h T- ^ * at approximately half of the Orlando microbursts will 

SwSl/lSf CXCeed,ng 1 inch/h . our - Thus, Orlando testing will be useful in addressing 
the ability of laser systems to work in heavy precipitation. ° 
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Summer Microburst Maximum Reflectivity 



Reflectivity (dBz) 









Vugraph#ll “MB Outflow Region Widths” 

The spatial scale of microburst outflows is important for design of spatial filtering 
algorithms. The outflow size is seen to be quite similar with Orlando having slightly 
larger widths. A number of outflows are less than 1 nmi wide. 
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MICROBURST OUTFLOW REGION WIDTHS 



MICROBURST OUTFLOW REGION WIDTH (KM) 




Vugraph #12 “Strength Distribution... 

Since small events pose a difficult detection challenge, the magnitude of the wind 
changes associated with these is of concern. We see that the bulk (i.e., 70% ) of these 
correspond to a wind change of less than 30 knots. However, there are some strong (> 40 

knot I email *»wntc 6 v" 
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VELOCITY CHANGE (M/S) 




Vugraph #13-15 “Vertical Structure of Orlando MB” 


The vertical structure of microburst events is a key issue in forward looking sensor 
design. The bulk of the reported results on vertical profiles have been flawed by the prior 
vertical resolution associated with: 

1) the use of PPI scans with relatively widely spaced elevation angles and/or 

2) the inclusion of data from long ranges where the radar beam vertical extent is 
large relative to the microburst variation with height. 

In Orlando, we are attempting to improve this situation by taking advantage of the narrow 
beam width (0.5®) of the TDWR testbed. Microbursts within 10 km (corresponding to a 
beamwidth vertical extent < 80m) are scanned using RHI scans to provide closely spaced 
vertical measurements. 7 v 


We see a wide variation in vertical profile between events and during an individual event. 
The drop off in velocity from the surface to 300m AGL is about 6 knots (15-30%) for the 
9 August event at 1938 GMT and for the 28 September event. By contrast, we see 
similar drop off between the surface and 100m AGL for the 3 October event and the 9 

August event at 1956 GMT. The August 1991 events show a 33-50% drop off in velocity 
at 15l)m AGL. J 














VERTICAL STRUCTURE OF ORLANDO MICROBURST OUTFLOWS 



(SH3±3IN) 1HOI3H 
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VELOCITY CHANGE (M/S) 




1 - 171955 1 
91 - 215319 
90 - 235050 







Vugraph #16 “Temperature Changes” 


The surface mesonet system used with the TDWR testbed measures temperature every 7 
seconds and records the 1 minute average and peak values. The figure shows the 
temperature changes associated with all microbursts (AV > 10 m/s) which impacted the 
mesonet. We see that there is a wide variation in temperatures at the surface with a 
significant fraction of the events having temperature drops less than 2° C. 

It should also be noted (see attached article by Klingle- Wilson, et al) that most gust fronts 
have temperature changes of -7°. 




(%) Noanaiaisia Ainiavaoud 


temperature CHANGE ( 0 C) 
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CHARACTERISTICS OF GUST FRONTS * 


Diana Klingle-Wilson and Michael F. Donovan 
Lincoln Laboratory, Massachusetts Institute of Technology 
P. O. Box 73; Lexington, MA 02173 


1. INTRODUCTION 

A gust front is the leading edge of a thunderstorm 
outflow. A gust frontal passage is typically characterized by 
a drop in temperature, a rise in relative humidity and pres- 
sure, and an increase in wind speed and gustiness. 

Gust front detection is of concern for both Terminal 
Doppler Weather Radar (TDWR) and Next Generation 
Weather Radar (NEXRAD) systems. In addition, airborne 
systems using radar, lidar, and infrared sensors to detect 
hazardous wind shears are being developed (Bowles and 
Hinton, 1990). The automatic detection of gust fronts is de- 
sirable in the airport terminal environment so that warnings 
of potentially hazardous gust front-related wind shears can 
be delivered to arriving and departing pilots. Information 
about estimated time of arrival and accompanying wind 
shifts can be used by an Air Traffic Control (ATC) supervi- 
sor to plan runway changes. Information on expected wind 
shifts and runway changes is also important for terminal ca- 
pacity programs such as Terminal Air Traffic Control Auto- 
mation (TATCA; Spencer, et al.. 1989) and wake vortex ad- 
visory systems. 

In addition, the convergence associated with gust 
fronts is often a factor in thunderstorm initiation and intensi- 
fication. Knowledge of gust front locations, strengths, and 
movement can aid forecasters with thunderstorm predic- 
tions. 

Current gust front detection systems generally are re- 
liable in that the probability of false alarms is low. However 
the probability of detecting gust fronts with these systems 
is less than desired (Evans, 1990). Improved characteriza- 
tion of gust fronts is a key element in improving detection 
capability. 

Typically, the basic products from the algorithms are 
the location of the gust front (for hazard assessment) and 
its propagation characteristics (for forecasting). This paper 
discusses the thermodynamic and radar characteristics of 
gust fronts from three climatic regimes, highlighting region- 
al differences and similarities of gust fronts. It also com- 
pares propagation speeds, estimated by two techniques, to 
measured propagation speeds. 


*The work, described here was sponsored by the Federal Avi- 
ation Administr ation. The United States Government assumes no 
liability for its content or use thereof. 


2. DATA AND METHODOLOGY 

Measurements made as a part of the Federal Aviation 
Administration (FAA) TDWR operational demonstrations 
held in Denver, CO (1988); Kansas City, MO (1989); and 
Orlando, FL (1990) are used to characterize gust fronts. To 
support the operational demonstrations, a 30- to 40-station 
mesoscale network (mesonet) of automatic weather stations, 
with an average inter-station spacing of 1.4 - 2.1 km, was 
sited at each airport to measure surface winds, temperature, 
relative humidity, pressure, and rainfall amounts every min- 
ute (Wolfson, 1989). Only gust fronts that passed through 
the mesonet were considered in this study. 

The requirement that a gust front pass over the meso- 
net limited the number of gust fronts available for analysis. 
Ten Denver, nine Kansas City and 13 Orlando gust fronts 
were chosen. Mesonet data were used to determine the sur- 
face thermodynamic and kinematic characteristics of gust 
fronts, while reflectivity thin line characteristics were 
derived from the TDWR testbed radar (FL-2). Wolfson, et 
al. (1990) present statistics on gust front strength, length, 
duration, propagation, depth, and temperature difference 
between the ambient and outflow air. This paper extends 
that analysis by characterizing the thermodynamic structure 
and radar reflectivity thin line signatures of gust fronts from 
the different climatic regimes. 


Gust front temperature and relative humidity were 
taken from the mesonet data. Figure 1 shows a time series 
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Figure 1. 

Time series of typical temperature (°C) and relative Au-I 

| midity associated with a gust frontal passage. 

i 


plot of the typical temperature and relative humidity asso- 
ciated with a gust frontal passage over a mesonet station. 
The sharp decrease in temperature and rise in relative hu- 
midity at 2215 UTC mark the passage of the gust front. For 
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this gust front, the ambient temperature was 23°C, the out- 
flow temperature was 18°C, and the temperature difference 
was 5°C. The ambient relative humidity was 50%, the out- 
flow relative humidity was 100%, and the relative humidity 
difference was 50%. These data were tabulated for each sta- 
tion that experienced the passage of a gust front. The data 
were then averaged to derive characteristic temperatures 
and humidities for each gust front. 

Gust front propagation speeds and reflectivity thin 
line characteristics were derived from single-Doppler radar 
data. The average and peak reflectivities, as well as the aver- 
age reflectivity ahead of and behind the thin line, were ex- 
tracted from each gust front event that exhibited a thin line. 
An event is a single observation of a gust front on a radar 
volume scan as determined by subjective analysis. Thus, a 
single gust front scanned five times by the radar would result 
in five gust front events. 

3. GUST FRONT CHARACTERISTICS 

Figure 2 provides the distribution of some tempera- 
ture and relative humidity characteristics of Denver, Kansas 
City, and Orlando gust fronts. Negative temperature differ- 
ences indicate that the outflow air was cooler than the ambi- 
ent air. Averages computed from these data are presented 
in Table 1. For one Kansas City gust front the outflow was 
siightly warmer and less moist than the ambient air. 


Table J. Averages of maximum outflow temperature (maxTgf), 
minimum outflow temperature (minTgf), outflow temperature (Tgf), 
ambient temperature (T am t,), ambient-outflow temperature differ- 
ence (A T), maximum outflow relative humidity (maxRH^f), mini- 
mum outflow relative humidity (minRHgf), outflow relative humidity 
(RHfj), ambient relative humidity (RH a mb)> anc 1 outflow-ambient 
relative humidity difference (A RH). Temperatures are in °C and 
relative humidities are in percent. 


Denver 

Kansas City 

Orlando 

All 

maxT gf (°C) 

30 

27 

29 

30 

minTg f (°C) 

18 

14 

20 

14 

TV (*C) 

24 

21 

25 

23 

T* mb CO 

29 

25 

32 

29 

AT (°C) 

-5 

-4 

-7 

-6 

maxRHgf (%) 

82 

100 

100 

100 

minRHgf (%) 

23 

53 

65 

23 

RH,f (%) 

50 

86 

84 

74 

RH. mb (%) 

30 

74 

58 

54 

ARH (%) 

20 

12 

26 

20 


Kansas City outflows exhibit the greatest range in 
outflow temperatures (13°C), followed by Denver and then 
Orlando. Kansas City average ambient and average outflow 


temperatures are colder than Denver and Orlando tempera- 
tures, but the average temperature difference between the 
outflow and ambient air is smallest in Kansas City. 

The relative humidity data show that outflows are 
driest in Denver. On average, the largest difference in ambi- 
ent-outflow relative humidity is associated with Orlando, 
followed by Denver and Kansas City. 


Outflows from thunderstorms have been shown to be 


dynamically similar to density currents (Charba, 1974). A 
density (gravity) current is generated whenever a fluid of 
greater density moves through a fluid of lesser density. The 
motive force of the gravity current is the hydrostatic pres- 
sure difference between the two fluids. Equation 1 expresses 
gust front propagation speed in terms of the depth of the 
outflow head and the difference in virtual temperature be- 
tween the warm and cold air (Seitter, 1983). This equation 



V = k' 

T 1/2 

(Eqn. 1) 

where: 


L J 


V 

= gust from propagation speed 


k' 

= redefined Froude number ("1) 


g 

= acceleration of gravity 


H 

= depth of gust front head 


AT V 

= difference in virtual temperature between warm and I 

T v 

cold air 

= virtual temperature of the warm air. 



was used to estimate the propagation speed of the Denver, 
Kansas City, and Orlando gust fronts for comparison to 
measured propagation speeds, as deduced from radar data. 
Head depth was estimated from radar data and virtual tem- 


perature was estimated from temperature and relative hu- 
midity. The comparison of propagation speeds computed 
from Seitter’s technique and measured propagation speeds 
is given in Figure 3. In two Denver and three Kansas City 
cases, the gust fronts did not propagate away from the lead- 
ing edge of the parent storm and outflow depth could not 
be estimated. These gust fronts are not represented in 
Figure 3. 



X Denver 
▲ Kansas City! 
+ Orlando 


Figure 3. Estimated versus measured gust front propagation speed 
Estimated values were computed from Settler's technique. In cases! 
where data points overlap, the numbers of points for each location \ 
(D: Denver, K : Kansas City, 0: Orlando) are shown in parentheses 
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GUST FRONT THERMODYNAMIC CHARACTERISTICS 


Denver 1988 


Kansas City 1989 Orlando 1990 

a) Average Ambient Temperature (°C) 


b) Average Outflow Temperature (°C) 




c) Average Temperatu re Differenc e ( < > C) (outflow minus ambie nt) 


17.5 - 12.5 - 7.5 - 2.5 2.5 


- 17.5 - 12.5 - 7.5 - 2.5 2.5 


- 17.5 - 12.5 - 7.5 - 2.5 2.5 


d) Average Ambient Relative Humidity (%) 


- 17.5 - 12.5 - 7.5 


mm. 


m 




I 


25 35 45 55 65 75 85 95 


25 35 45 55 65 75 85 95 




25 35 45 55 65 75 85 95 


25 35 45 55 65 75 85 95 


f) Average Relative Humidity Difference (%) (outflow minus ambienp 


n the outflow end ambient air. The values on the absassa are the mtdpo.nts of the interval. 













Goff (1976) found that propagation speed was rough- 
ly 67% of the maximum wind speed in the outflow. This 
estimate of propagation speed is compared to the measured 
speeds in Figure 4. 

X Denver 
A Kansas City 
+ Orlando 


0 5 10 15 20 25 30 

Measured Speed (m/s) 

Figure 4. Estimated versus measured propagation speed . Esti- 
mated values were derived from Goff's technique . In cases where 
data points overlap , the numbers of points for each location (D: Den- 
ver, K: Kansas City, O: Orlando) are shown in parentheses. 

Propagation speed is generally overestimated using 
Seiner’s technique* although the estimated speeds for Kan- 
sas City gust fronts were less than the measured values. 
Goffs technique also tends to overestimate propagation 
speed* but to a lesser degree than Seiner’s technique. The 
average differences and average absolute differences be- 
tween the measured and estimated speeds are given in 
Table 2. The two techniques provide about the same per- 
formance for Denver gust fronts, but Goffs estimate is bet- 
ter for Kansas City, Orlando, and over all. 



Table 2. Average and average absolute differences between esti- 
mated and measured propagation speed for Denver, Kansas City, 
Orlando, and All locations . 

Location 

Average 

Difference 

Average 

Absolute 

Difference 

| Seiner’s Technique 

Denver 

3.3 

4.0 

Kansas City 

0.8 

5.2 

Orlando 

6.3 

6.3 

All 

4.2 

5.4 

| Goff’s Technique 

Denver 

3.0 

3.2 

Kansas City 

0.1 

3.0 

Orlando 

0.8 

2.4 

All 

1.3 

2.8 


Figure 5 shows gust front duration, propagation 
speed and outflow depth as functions of the ambient-out- 



flow temperature and relative humidity differences for gust 
fronts at the three sites. Since the gust front motive force 
is the hydrostatic pressure difference between the outflow 
and ambient air, one would expect those outflows exhibiting 
the largest temperature differences to move fastest and last 
longest. The data do not support this expectation, possibly 
because the velocity of the opposing ambient flow is not con- 
sidered. In addition, gust front strength is determined from 
Doppler velocities. Since the radar senses only the along- 
the-beam component of the flow, strength estimates may 
be incorrect. 

Reflectivity data from gust front events is provided 
in Figure 6. For detection algorithms, it is important to know 
not only the reflectivity characteristics of the thin line, but 
also the reflectivity characteristics of the air on either side 
of the thin line. For this reason, reflectivities ahead of and 
behind the gust front are given. Mean values for the mea- 
sured variables are shown in the upper right corner of each 
plot. There appears to be no strong regional influence on 
the peak and average reflectivities in the thin line or in the 
average reflectivity behind the thin line (i.e., in the cold air). 
However, the reflectivities of the air ahead of the thin line 
(i.e., in the warm air) are lower in Denver (-7 dBZ) than 
in Kansas City and Orlando (-3 dBZ), although 

these differences are small. If the thin line is visualized as 
a “wrinkle in a rug” then the wrinkle is higher, and therefore 
possibly easier to detect, in Denver. 
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4. 


SUMMARY 


The key to detecting gust fronts is the accurate char- 
acterization of the phenomena. Some algorithms rely heavi- 
ly on radar signatures of gust fronts, while others are based 
upon sensors that measure temperature changes across the 
gust front. Regardless of the sensor used to detect gust 
fronts, it is important to understand the differences and sim- 
ilarities in gust fronts over a variety of climatic regimes. 

This paper has shown for the cases studied here that 
Kansas City outflows are colder than Denver and Orlando 
outflows; and that Denver outflows are driest. However, the 
ambient-outflow temperature and relative humidity differ- 
ences are greatest in Orlando. 

Two techniques were used to estimate gust front 
propagation speed. Seitter’s method, which used virtual tem- 
perature and outflow head depth, overestimated propagation 
speed. Goffs method also overestimated propagation speed, 
but to a lesser degree. 

Reflectivity thin lines were also analyzed. The values 
of reflectivity in the thin lines showed no regional bias. How- 
ever, the reflectivity of the ambient air was lowest in Denver, 
which may make Denver thin lines easier to detect. 
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Microburst Characteristics Determined from 1988-91 TDWR Testbed Measurements 

Questions and Answers 


Q: Roland Bowles (NASA Langley) - In the discussion of your vertical structure charts, for 
those two events, where was the event relative to the radar? 

A: Jim Evans (MIT) - The top event is at a range of seven kilometers. This is scanned 
vertically and you can see the little x's on all the data points that are actually measured as 
individual measurements. In the blue event the radar range is 2.7 kilometers, and this is a half 
degree beam. What we have told them to do is when they see a microburst within about 7 or 8 
kilometers to go into an alternative scan pattern and mix in RHI with PPI so that we get very high 
resolution on the outflows. We have been concerned ourselves about what altitude should we be 
setting our beams for the TDWR. So we have been trying to understand this whole issue of what 
the structures are. You have to do it at close range and the fact that we have a half degree 
elevation beam helps a lot. When we do RHI scanning we measured a whole bunch of angles, so 
they are pretty closely spaced, particularly at the bottom. 

Q: Roland Bowles (NASA Langley) - There is a least one publication that came out of Lincoln 
that was excellent, were you published a great deal of your findings on half velocity point 
distribution; the altitudes at which the velocity was half peak. Do you have plans to publish, for 
those data that you can resolve the peak outflow, those distributions? 

A: Jim Evans (MIT) - 1 think we probably need to put out a yearly report that takes all the ones 
from the preceding year and just reports them so that people in the community can use it. There 
is a very thick report that has data all the way up through about 1989 and maybe a little bit of 
1990, and contains everything we knew about outflow structure in the vertical domain. We will 
continue to put out that report and we will continue to try to scan these things as best we can. 

Roland Bowles (NASA Langley) - That would be valuable for people working with airborne 
systems. 

Jim Evans (MIT) - It is an absolutely key parameter both for ground based and airborne systems. 

Q: Mike Lewis (NASA Langley) - It looks like you have a lot of good data there. When 
talking about the summary of F-factor values, over what distance are those values taken or are 
they in fact variable distances? 

A: Jim Evans (MIT) - The radar range is keeping track of all the microburst at least all the way 
out to 30 kilometers. The point I made was that if you start saying that the probability of the 
microburst occurring is proportional to area you find out that you tend to be weighted to long 
distances as opposed to short distances. 

Q: Mike Lewis (NASA Langley) - Not range from the radar, but over what length were those 
F-factors values calculated? 
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A: Jim Evans (MIT) - It is simply taking the difference of the maximum and minimum velocities 
over whatever distance that occurred. So it is variable. That is an average shear over the outflow 
region. You may have localized hot spots, which Steve Campbell will talk about That is one of 
the caveats and I want to emphasize that this is really a lower bound on what the Fs would be if 
you looked over say one kilometer. 

Mike Lewis (NASA Langley) - Essentially, any time you talk about F you need talk about both 
magnitude and length. 

Jim Evans (MIT) - Yes, I understand. The advantage of this particular data is that it is a very 
large data base. You could take some selective events and go back and reprocess and probably 
work out a correction. 

Q: Mike Lewis (NASA Langley) - You made some points about the core reflectivity versus the 
outflow reflectivity. Perhaps the message is not quite so bad for radar manufacturers trying to 
measure that low reflectivity area, because, while the maximum velocities would perhaps be in 
that outflow area the maximum shears arc still in the core. That is the kind of region that we are 
trying to measure and trying to protect from, and that perhaps is the region of somewhat higher 


A: Jim Evans (MIT) - Well, I think Steve will be showing some examples of where the highest 
shears are in his paper, which I believe is tomorrow. You can decide for yourself whether or not 
they are in the core. 

Steve Cambell (MIT Lincoln Laboratory) - In general, is not necessarily true that the strongest 
shear is were the strongest reflectivity is. When Jim said cores, he meant reflectivity cores and 
that is not necessarily where the highest shear is. 

Mike Lewis (NASA Langley) - O.K. I thought you were talking about the downdraft core. 

Jim Evans (MIT) - The other thing that you have to understand is that in an awful large fraction 
of the events, particularly in a place like Denver, have multiple outflows bumping into each other 
rhat is why there is asymmetry. Nobody can make an asymmetrical microburst by itself but they 
tend to occur m families and that is what is ugly about the whole process. 

Mike Lewis (NASA Langley) - My last point is that you mentioned a couple of times about the 
differences of measuring at a flight test altitude of 1000 feet versus lower altitudes It seems to 
me, for the research purpose of determining if your shear detection system is measuring real shear 
it is perfectly O.K. to measure at 1 000 feet and confirm or deny the measurement with either In 
Situ measurement, or an estimate from TDWR, at the same altitude. It is not necessarily a flawed 
flight test to measure at a 1000 feet even if the maximum shear is at 300 feet or so, as long as you 
confirm your data by other 1000 feet measurements. If the shear from that confirmation equals 
the shear that your detector is predicting then you are doing a good job. 

Jim Evans (MIT) - 1 guess I disagree. I think we are going beyond that. It isn't the proof that 
you can measure velocity, I could do it at 3000 feet. The key issue that you the airline buyer and 
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the air passenger ought to ask is; do I have a system that can measure the hazard where the plane 
has got to fly or infer it properly. That is the key issue. My point is this, if you try to point your 
antenna down at minus three degrees the clutter challenge goes up dramatically. You may have a 
system that is viable at measuring shear and velocities at 1000 feet and it is not viable at 
measuring down at 50 feet. That is the question I think you have to ask the system designer. 

Mike Lewis (NASA Langley) - If you are talking about the clutter differences, then I agree 
completely. 

Jim Evans (MIT) - 1 am talking about the clutter. Low reflectivity microburst have cross 
sections that are typical of what the military talks about as low observable vehicles. It is not easy 
to build look down shoot down fighters. 

I showed some probability distributions of microbursts as a function of outflow reflectivity and 
some people asked about the ones that are low reflectivity events with high F values, what would 
be their distribution? We will try to do that. I thought maybe we could do it for the conference, 
but I think that is a little to much to promise. We do have it stored in a database. In principal 
there ought to be no problem in just putting in some more side conditions. That is one of the nice 
things we have been able to do by having these in a computerized database. Anyone who is 
interested in finding out about low reflectivity events with high Delta V’s or high F-factors and 
want the characteristics of those, give me your business card and as soon as we get the results run 
off we will get it to you. We will give it to Roland as well. 

Q: Branimir Dulic (Transport Canada) - Why do we think the number of events in Huntsville 
was underestimated? 

A: Jim Evans (MIT) - It was not due to post processing. The number we showed for 
Huntsville was from the real-time log of microbursts. Subsequently, there was a limited replay 
operation where we were trying to decide if the radar missed microbursts. We compared the 
radar to surface wind measurements. We would pick certain days that they had found microbursts 
by looking at the surface wind measurements and they go back and look at the radar data. What 
they discovered in doing that was that we did not miss very many events, but the real-time log 
was missing about half the events that had been picked up in the post processing. It had missed 
about half of those that had came down over our mesonet, our wind sensors. So on the basis of 
that, I would presume that we missed about half. What happened was the humans watching the 
displays in real-time you will see a really strong microburst over here and they might miss another 
one over some other place that wasn't so distinct. That is the king of thing that a computer does 
very well and humans get distracted. Because it was a careful but limited after the fact analysis 
that show we missed about half, I think that is probably true in general. 
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